Abstract
Introduction
Localization is one of the key techniques in wireless sensor network which have displaced the well-established and widely-deployed wired communication networks. As a critical role in many applications, Localization is getting more and more attention. The positions of unknown nodes play a critical role in many WSNs applications, for examples: Resource tracking, proximity-based notification.
To implement a localization system, RSSI, time of arrival (ToA)-based, and TDoAbased localization systems are widely used because these systems can be readily implemented on the existing wireless infrastructure. However, various forms of interference always occur with advanced communication technologies, such as low transmission power, propagation attenuation [1, 2] . Furthermore, the ITU-R Report SM.2211 presents the advantage and disadvantage of TDOA-based technologies [3] . The transmitter and receiver must be synchronized precisely when using TOA location technology. The AOA of location technology is limited by Non-Line-of-sight (NLOS) and multipath effects. Recently, the integrated TDOA/AOA location systems reduce various positioning errors and improve the location accuracy and extend the location coverage area [4] [5] [6] [7] .
Luo evaluates the accuracy of several RSSI-based localization techniques and compares them in a real environment. The results indicate that The simple MinMax algorithm has better performance than other algorithms, with average errors as low as 1.2 m [8] . Xu proposed an improved RSSI underground positioning algorithm which is based on wireless sensor networks. The system improved precision of node positioning by iteration computation and solved potential conflicts during data transfer [9] . Zhu and Yi proposed an underground mine positioning method is described for accurate localization of a sensor in a network of known beacons. The sensor measures the range using an UWB signal and uses statistical inference to correct for the error due to multipath and NLOS [10] . Li and Liu proposed a weighted centroid localization algorithm in underground mine wireless sensor networks based on RSSI algorithm. By considering the underground wireless signal transmission attenuation model, simulation results show that new algorithm improves the localization accuracy [11] .
Although many researchers have achieved a lots in localization algorithms, especially for the range-based location. Due to the underground wireless location affected by various factors, the positioning system is still very immature and system accuracy cannot meet the actual demand. In this paper, firstly TDOA and RSSI location technologies are investigated and the corresponding error various impact factors and expressions are discussed and derived, multipath channel, different shapes of the roadway on the propagation loss. In order to reduce the error, estimation error has been correlated and compensated. Simulations show that the proposed system consistently outperforms other existing localization methods and can achieve higher accuracy.
Ranging Model

TDOA
TDOA is one of TOF (the time of flight) ranging method-based localization technology. Due to its high accuracy, it has been widespread concern. The basic idea of TDOA is to measure the arrival time difference between the transmitting base station and the receiving base station, then the distance difference to a different base station is calculated based on the time difference. The mobile station to the difference in distance between any two base stations form a hyperbola on which the mobile station is located in a curve. Figure 1 illustrates the basic TODA positioning method.
Figure 1. TDOA Positioning Method
Because of interferometry techniques, a reference node with two antennas can be adopted, the two antennas A1 and A2 transmit the same signal from a unique source. Assume Line-of-sight propagation between reference node and mobile node, d1 denotes the distance between mobile node and A1, d2 denotes the distance between mobile node and A2. The delays of propagation are 11 , with c the speed of signal. A1 and A2 transmit the same signals with a sample rate frequency Fs, N sub-carriers and M data sub-carriers, but with a delay of Tp which varies the delay of the signal in a predetermined manner, x(t) denotes the baseband complex envelope signal and, xRF (t) denotes the transmitted signal, following equations are obtained:
x e   (2) ck are complex coefficients, with k the carrier index and FRF the RF frequency. Assuming that the signal through the multipath channel p(t),then
P (m) is the propagation attenuation coefficient of the m th path。 time invariant channel impulse responses in the CE domain for the two different delays of propagation,t1 and t2, are:
where & is the Dirac function. Suppose the channel noise v(n)，the received signal at MD, y(t) = x(t) h(t) in complex envelope domain is equal to:
RSSI
The reference node broadcasts signal to the mobile node, then the mobile node can estimate the distance between it and reference node on the basis of the strength of the signals it receive. Assume reference node located at (xi, yi) and a mobile node located at (x, y).The average received power from reference node i at mobile node j, in dB, can be expressed as
where d0 is a reference distance, P0i denotes the power at distance d0, β is a path-loss exponent [12] , and nij is a zero-mean Gaussian random variable with standard deviation σ [13] . As can be seen, the model is nonlinearly dependent on the position of the transmitter i. Here,
If P0i and β are known, the maximum likelihood estimate of the distance between node i and j can be computed as 
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The Cramer-Rao lower-bound for the variance of unbiased distance estimator based on RSSI measurements can be obtained as [14] ij 22
It is observed that the estimate accuracy is closely related with the distance d(xi, xj), the standard deviation ij  of measurement noise and the path-loss exponent  .
Electromagnetic Propagation Attenuation
Kim studied electromagnetic propagation in tunnels, and proved electromagnetic propagation related with signal frequency, tunnel cross sectional dimensions and shape, curves in the tunnel, surface roughness [15] . Tunnel cross section has an important impact on electromagnetic propagation attenuation rate compare to other impact factors. Yamaguchi proposed a point-matching method for attenuation constants of Ultra High Frequency (UHF) radio waves in arched tunnels [16] . Zhang studied signal propagation characteristics and proposed signal attenuation calculating expression for different tunnels, like circular, rectangular, arched and ellipse tunnels [17, 18] . 
In the formula, a is the maximum tunnel width, b is the maximum height, and r  is the relative dielectric constant of the tunnel walls and floors. For reliable communication it is preferable to install additional antennas and thus maintain the conditions of direct visibility (LOS) between adjacent antennas [19] . So the average received power pij, signal attenuation power pa can be expressed as may have any probability density function. In this case, the measurement error of TDOA caused in the line of sight is obeyed by Gaussian distribution. Measurements can be collected at reference nodes, mobile nodes, or both reference and mobile nodes.
Maximam Likelihood
Assume that measurement errors are independent and identically distributed random variables. Let the measurements' probability density function is 
Nonlinear Least Squares
In position estimation, Nonlinear Least Squares(NLS) algorithm tries to minimize the following cost function:
When the variances of measurement errors are available, the NLS can be formulated as a weighted nonlinear least squares : 
If measurement errors are independent and identically distributed Gaussian measurement errors, the weighted nonlinear least squares solution is same as the ML solution in the range-based positioning.
Simulation Results
Simulation Environment
Mine galleries run twenty kilometers in Huize Pb-Zn mine, part of representative galleries can be drawn as Figure 2 . The location system is installed in the marked rectangular area of Figure 3 . In this paper, the localization system consists of a surveillance PC, a sink node, fifteen reference nodes and one or more mobile nodes. One of the well known topology in location is the triangulation, so reference nodes are arranged as Figure 4 . The whole structure of the system is shown in Figure 4 .
The wireless sensor networks in mine galleries is a ZigBee network and the reference node is responsible for establishing the network. The reference node collects data of mobile node in mine galleries environment. The reference node also acts as a ZigBee Router to the sink node and communicates with adjacent reference nodes. The sink node collects data from reference nodes and sends data to surveillance PC. The surveillance PC is responsible for localization data management and computation.
Experimental Results
To show the superiority of TDOA-based localization over RSSI-based localization in mine tunnel environment, a contrast measuring experiment was carried out in a point to point way, using TDOA and RSSI ranging methods respectively. Locations were estimated at 15 test points. At each known position, 20 times of TDOA ranging and 20 times of RSSI ranging were performed. The distance between mobile node and one of the reference node is 5 to 75 meters.
The energy of the radio signal distorts seriously because of the multi-path and attenuation effect. Figures 5 shows the standard deviation of the measuring results from TDOA-based measuring and RSSI-based measuring. As can be seen from the result, the distance estimation errors according to RSSI increase significantly and the standard deviation of TDOA measurements increases with the increase of distance. As a conclusion, RSSI is not suitable for distance estimation in underground tunnel environment. TDOA shows better performance than RSSI in standard deviation and the ranging error increasing with the increase of distance. Furthermore, most of the ranging errors are less than 4 meters in TDOA-based measuring. Other existing algorithm, NLS was implemented as well in the same experiment environment. Both ML and NLS algorithms were tested under the same condition. Figure  6 showed the average localization errors of the two algorithms at each test point. Two curves had the similar trend, which means that large range error degraded the performance of the two localization algorithms, but the influence to NLS was smaller than the ML.
Conclusions
In this paper, a wireless sensor networks was arranged for location in mine galleries. The proposed wireless sensor networks is based on the triangular position of beacons. The probability error and effects of the received signal in mine galleries are analyzed, then estimation of location of the mobile node is derived. According to our analyses and simulations, the proposed system consistently shows accurate estimation. In the future research, underground wireless positioning model need to full study to reduce the error of distance measurement, how to further improve the positioning accuracy in the complex underground wireless environment is the direction of future research.
